. The total duration of ischemic episodes was reduced in both treatments when compared with placebo (chlorthalidone: 19.2±31.9min; diltiazem: 19.3±29.6min; placebo: 46.1±55.3min; p<0.05). 
Effects of Chlorthalidone and Diltiazem on Myocardial Ischemia in Elderly Patients with Hypertension and Coronary
Artery Disease.
Original Article
Hypertension is an important risk factor for coronary artery disease 1 , which is the major cause of death in persons aged 65 years or older 2 . Antihypertensive therapy with thiazide diuretics significantly reduces cardiovascular morbidity and mortality in the elderly, including coronary events [3] [4] [5] . Furthermore, it has been shown that diuretic therapy itself has antianginal effects and improves exercise capacity in patients with stable angina 6 . Despite the use of diuretics in many large trials [3] [4] [5] , their influence on myocardial ischemia in the elderly has not been fully investigated. The aim of this study was to compare the effect of chlorthalidone and diltiazem on myocardial ischemia in hypertensive elderly patients with coronary artery disease.
Methods
Study population -Fifteen patients (11 men, 4 women) from the geriatric outpatient clinic were selected to participate in this study approved by the Ethical Committee. Participation required signed informed consent. Patients were all over 65 years of age (73.6+4.6 years). Hypertension was diagnosed when blood pressure was above 160/90mmHg on at least 2 consecutive clinic visits. All patients had evidence of myocardial ischemia on 48-hour ambulatory electrocardiogram monitoring and on exercise treadmill testing, and angiographically documented coronary artery disease (>70% diameter stenosis of at least 1 major coronary artery) ( Table I) .
None of the patients had unstable angina, previous myocardial infarction, left ventricular ejection fraction <50%, valvular disease, high degree atrioventricular block, bundle branch block, atrial flutter, or atrial fibrillation.
Study design -After a 2-week wash-out period using placebo, patients received active treatment with either chlorthalidone (25mg, once daily) or diltiazem (30mg, thrice a day) during 2 periods of 4 weeks each according to a randomized, double-blind, crossover protocol. Patients were allowed to use sublingual nitrate during all periods of the study except during ambulatory electrocardiogram monitoring or 6 hours before exercise treadmill testing. After the placebo period and after each active treatment period, patients underwent a clinical evaluation, blood chemistry analysis, ambulatory electrocardiogram monitoring, and exercise testing.
Blood pressure was measured with a mercury sphygmomanometer with the patient in the supine position after 5 minutes of rest. Blood samples were obtained for the following examinations: glucose, potassium, urea, triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDLcholesterol), high-density lipoprotein cholesterol (HDLcholesterol), and very-low-density lipoprotein cholesterol (VLDL-cholesterol).
Ambulatory electrocardiogram monitoring was performed over 48 hours using a magnetic tape recorder system, amplitude modulated, with a calibrated 2-channel electrocardiograms (Marquette, series 8500, Marquette Electronics Inc., Milwaukee, WI). After careful skin preparation, the recordings were accomplished with 2 bipolar leads: CM5 (channel 1) and CM1 (channel 2). An ischemic episode was defined as the presence of at least 1 episode of horizontal or downsloping ST segment depression >0.1 mV from baseline, persisting for at least 1 minute, and separated from another episode by at least 1 minute. Holter recordings were visually analyzed on a computerized system (Laser-Holter, series 8000 T, Marquette Electronics Inc., Milwaukee, WI).
Exercise testing was performed using a computerized system (Fukuda Denshi, ML 8000, Fukuda Denshi Co. Ltd., Tokyo, Japan) with 15 leads (12 conventional leads plus CC5, CM5, and CL) according to a modified Naughton protocol. Exercise was discontinued for chest pain grade III, fatigue, dyspnea, or abnormal elevation of blood pressure. Blood pressure was measured by a sphygmomanometer (Colin, model STBP 780, Colin Medical Instruments Corp., Komaki City, Japan) at rest and at the last minute of each stage of exercise. Ischemic changes were defined as the presence of a horizontal or downsloping ST segment depression of at least 0.1 mV from baseline at 80 ms after the J point.
Statistical analysis -Heart rate (HR), systolic blood pressure (SBP), rate-pressure product, exercise duration, and serum levels of urea, potassium, total cholesterol, LDLcholesterol, HDL-cholesterol, VLDL-cholesterol, and triglycerides were compared by repeated measures analysis of variance with multiple comparison procedures. Friedman repeated measures analysis of variance on ranks and Dunn's method were applied to variables that did not follow a normal distribution: diastolic blood pressure (DBP), time to ischemia, HR at the time of ischemia, number of ischemic episodes, total ischemia duration, numbers of ectopic atrial and ventricular beats, and glucose. Calculations were performed with the Statistical Analysis Systems; p<0.05 was accepted as statistically significant.
Results
Effects on blood pressure Office examination (Table II) -Both SBP and DBP were reduced by chlorthalidone and diltiazem when compared with placebo. The reduction of DBP, however, was greater with chlorthalidone than with diltiazem.
Exercise testing (Table III ) -At onset of ischemia, SBP was similar in the 3 treatment groups. At peak exercise, SBP was not statistically different during treatments with chlorthalidone and diltiazem when compared with placebo.
Effects on heart rate Office examination (Table II) -HR was not modified by either chlorthalidone or diltiazem treatments when compared with placebo.
Ambulatory electrocardiogram monitoring (Table IV ) -Mean HR on 48-hour monitoring did not statistically differ during treatment with either chlorthalidone or diltiazem when compared with placebo. HR at the time of ischemic episodes also did not differ among treatments.
Exercise testing (Table III ) -HR at onset of ischemia was significantly reduced with diltiazem when compared with placebo but was not modified with chlorthalidone. At peak exercise also, HR was reduced with the use of diltiazem when compared with placebo, but was not modified with the use of chlorthalidone. (Table IV) -The number of ischemic episodes was reduced with the use of chlorthalidone and diltiazem when compared with placebo. Chlorthalidone, however, significantly reduced the number of ischemic episodes when compared with diltiazem. The total duration of ischemic episodes was reduced in both treatments when compared with placebo.
Effects on myocardial ischemia Ambulatory electrocardiogram monitoring
Exercise testing (Table III) -Exercise duration was not modified with the use of chlorthalidone when compared with placebo and diltiazem. A significant increase in exercise duration occurred with the use of diltiazem when compared with placebo. Time to onset of ischemia was not modified by either treatment when compared with placebo. At the onset of ischemia, the rate-pressure product (HR x SBP x 10 -3 ) was similar in the 3 treatment groups. At peak exercise, however, no difference in the rate-pressure product among treatments occurred.
Effect on cardiac arrhythmias (Table IV) -All patients experienced cardiac arrhythmias during 48-hour ambulatory electrocardiogram monitoring. Neither chlorthalidone nor diltiazem treatments modified the number of ectopic atrial tassium was reduced by chlorthalidone when compared with placebo and to diltiazem. However, chlorthalidone caused an increase in serum urea, serum triglycerides, and VLDL-cholesterol when compared with placebo and diltiazem. Diltiazem did not modify serum triglycerides and VL-DL-cholesterol. Total cholesterol, HDL-cholesterol, and L-DL-cholesterol were not modified by any of the treatments.
Discussion
Diuretics have been indicated as initial antihypertensive therapy 7 because numerous randomized controlled trials have shown that they reduce cardiovascular morbidity and mortality 8 . Although some concern about the relationship between diuretic therapy and increased risk of death from coronary artery disease exists 9 , recent trials have shown a reduction of coronary heart disease in older hypertensive persons treated with these agents [3] [4] [5] . Our results are consistent with these trials and provide evidence that in elderly hypertensive patients with coronary artery disease, chlorthalidone has an antiischemic effect similar to the effect of diltiazem.
Few studies about the effects of diuretic therapy on myocardial ischemia exist. Nechwatal et al. 10 report improvement in angina and an increase in exercise performance in patients with stable coronary artery disease treated with furosemide. More recently, Parker et al. 6 reported that diuretic therapy improves exercise capacity in normotensive patients with stable angina. In our study, we found a borderline increase in exercise performance with the use of chlorthalidone.
Our study found that chlorthalidone reduced myocardial ischemia related to daily life activities in a homogeneous population of elderly hypertensive patients with myocardial ischemia and with normal left ventricular function. In fact, the antiischemic effect of diuretics may be even more significant in patients with ventricular dysfunction. In such patients, reduction in venous return plays an important role in reducing oxygen demand. The low dosage of chlorthalidone used in our study was associated with small and not clinically important metabolic effects (slight hypokalemia; mild increase in urea, triglycerides, and VLDL-cholesterol). This hypokalemia was not associated to with an increase in cardiac arrhythmias as found in the SHEP study 11 . The mechanisms responsible for the antianginal effects of diltiazem have been well investigated and are related to a reduction in oxygen demand due to its negative inotropic and chronotropic effects and to improvement in oxygen supply by coronary vasodilatation and by an increased diastolic time 12 . On the other hand, the antiischemic effect of chlorthalidone is more difficult to explain. It is not related to chronotropic modification according to our observation on HR behavior on 48-hour ambulatory electrocardiogram monitoring. One possible explanation is the reduction in blood pressure. In fact, SBP and DBP in the office were reduced by chlorthalidone therapy, suggesting a blood pressure influence on antiischemic effects. Furthermore, Deedwania 13 and Rehman 14 found that an increase in SBP accompanies the onset of episodes of myocardial ischemia. However, our study did not measure blood pressure during daily life activities, so we had no evidence to support this hypothesis. Although the rate-pressure product did not change with the use of chlorthalidone, it is well known that the rate-pressure product is not the only determinant of oxygen demand because it does not consider changes in ventricular volume and contractility 15 . Another possible mechanism is a volemic reduction leading to decreases on venous return, left ventricular volume, left ventricular wall tension, and oxygen demand 16 . Nechwatal et al 10 propose that the antianginal properties associated with the acute use of frusemide are due to a reduction in ventricular volumes and pressures resulting in decreased myocardial wall stress. Moreover, reduction of left ventricular end-diastolic pressure could lead to improvement in the coronary flow gradient leading to increased oxygen supply. A reduction in contractility has been suggested by Pierce 17 to explain the antianginal effect of hydrochlorothiazide plus amiloride in patients with stable angina because amiloride was reported to have negative inotropic effects in animals. However, it is known that thiazide has no direct myocardial effect 18 and so, this mechanism could not explain our results.
Study limitations -Because we included only elderly hypertensive patients with stable angina and without previous myocardial infarction, these results cannot be applicable to other subsets of patients. Furthermore, we studied a small population. Another limitation is that our study did not measure blood pressure during ambulatory electrocardiogram monitoring; therefore, we cannot exactly determine the role of blood pressure in decreasing myocardial ischemia during daily life activities.
Clinical implications -The present study shows that chlorthalidone therapy significantly reduces myocardial ischemia during daily life activities in hypertensive elderly patients with coronary artery disease. Our results are consistent with the SHEP study that showed 27% fewer fatal and nonfatal myocardial infarctions in older patients with isolated systolic hypertension treated with low-dose chlorthalidone 3 and a prevention of heart failure, especially in those with prior myocardial infarction 19 . Therefore, we can speculate that low-dose thiazide diuretic therapy may be beneficial and applicable for use in patients with refractory angina pectoris despite traditional treatment, especially in hypertensive subjects and in those with congestive heart failure.
Conclusion -In elderly hypertensive patients with coronary artery disease, chlorthalidone reduced myocardial ischemia similarly to diltiazem. This result is consistent with epidemiological studies and suggests that reduction of arterial blood pressure with thiazide therapy plays an important role in decreasing myocardial ischemia.
